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Abstract 
Zhejiang is a major province of energy consumption, but poor in energy resources. The inherent and complete 
dependence on importing energy makes energy security extremely difficult, which draws more attention to the energy 
conservation in Zhejiang. A great many factors of which the relations are complex affect the energy conservation. By 
introducing System Dynamics analysis, which has a unique advantage of analyzing the multiple and complex 
feedback system, this paper aims to analyze energy conservation in Zhejiang, and finally comes to some conclusions 
of values towards governments’ policies. 
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1. Introduction 
On the Copenhagen United Nations Conference on Climate Change hold on December 7, 2009, the 
Chinese government promised seriously: the amount of energy consumption in  Unit GDP by 2020 will 
have been reduced by 40% to 50%, compared with that in 2005. And this has been incorp orated into the 
long-term and medium-term national economic and social development plans as a binding target. As for 
Zhejiang Province, to fulfil the challenging task of energy conservation is a very basic part of 
implementing Scientific Outlook of Development and building a harmonious socialist society. 
Zhejiang Province, located in the Yangtze River Delta on the east coast of China, is a major province 
of energy consumption, but poor in energy resources. In spite of its advanced economy, the shortage of 
land minerals, especially energy resources, has been the "bottleneck" of its economic development. In 
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2008, the total energy consumption of Zhejiang reached 151.17 million tons of standard coal, among 
which the energy produced by itself only accounts for 3.5%. This determines that Zhejiang, in terms of 
the aspect of energy, is completely and inherently dependent on import ing energy, which makes its 
energy security difficult. This dilemma asks for more  attention paid on energy saving optimizat ion during 
industrialization promotion. According to the international experience, the optimizat ion of energy 
conservation and the advance of industrialization is a complementary historical process, and it is the 
Optimization of energy conservation constantly promote the inherent requirement of industrialization 
advancing while optimizat ion of energy conservation, on the other hand, continue to move forward to 
promote the development of industrialization to achieve a higher level. Consequently, under the pressure 
of resources and environmental capacity, energy conservation is of g reat significance to the fast 
development of national economy and the achievement of sustainable development, especially fo r the 
province like Zhejiang, which is severely lack of energy resources. 
So, how to follow with the stated aims of reducing energy consumption ,which made out in the long-
term and medium-term national p lans, such as the “12th Five-Year Plan”, and how to promote energy 
conservation effectively, become pressing issues faced by many scholars in this field. As an 
interdisciplinary and comprehensive discipline studying and solving the complex system problems, 
System Dynamics is a combination of qualitative analysis and quantitative analysis  which are 
complementary to solve problems in a spiral way as a guide and a base separately .  
So far, the study of energy conservation has always emerged in the area of economic system analysis 
of sustainable development, such as the Resource – Economy –  Environment study, most of which are 
shown in the master dissertations and doctor treaties. System Dynamics is seldom used to analyze energy 
conservation. Cai Wenbin discussed the effectiveness of energy conservation policy by building CGE 
model; Qiang Rui and other scholars used the idea and method of System Dynamics to build energy 
conservation system model in a perspective of enterprises, and took a foundry as the example to do 
simulation analysis . In this paper, we introduce the System Dynamics that has a unique advantage of 
analyzing the multip le and complex feedback system to do simulation analysis of energy conservation in 
Zhejiang, hoping providing a new perspective for the medium-term energy conservation policies. 
2. System Dynamic Analysis of Energy Conservation in Zhejiang 
2.1 Causal relationship 
By using causality feedback loop, System Dynamics indicates the causal relationship among variables 
in a system. The relating variables are connected by an arrow and the variable on the tail side represents 
reason and the head side is result. For example, if variable A is the reason of variab le B, then it can be 
indicated as A Bo . If the increase of A cause the increase of B, or the decrease of A cause the 
decrease of B, the causal relationship like this would be called positive correlation and marked as  
A Bo ; contrariwise, it would be called negative correlation which is marked as A Bo . In a 
system, changes of one variable could ultimately cause new changes of this variable itself  through a series 
of causal relations, and this phenomenon is known as feedback; moreover, this series of closed causality 
is called feedback loop. After getting over the concepts and characters of causality and feedback loop, we 
begin to analyze the causal relationships in the content of this paper. The causal relat ionship diagram 
established by us is shown as Fig.1.  
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Fig. 1. SD system causation relation cycle diagram 
The major feedback loops focusing on energy conservation stress and efficiency of energy utilization 
is: Energy conservation stress o Effectiveness of energy monitoring o  Management 
efficient oEfficiency of energy utilization o  Energy Efficient stress index o  Stress changed 
intensity o  Energy conservation stress˄Negative feedback˅. The rapid ly increasing demand for 
energy in Zhejiang lead to the rise of energy pressure index, cause the increase of energy conservation 
pressure, and promote the system to improve the energy efficiency . It is noteworthy that all feedback 
loops are negative and proves that we have to be guided by macro-control and strengthen and lead the 
policy variable in system to promote the steady development of energy conservation. 
2.2 SD model system flow diagram 
By introducing the Level variables, Rate variables, information flow and so on, system dynamics 
establishes an in-depth systematic behaviour relat ionship diagram (flow diagram), which more 
completely and concretely describes the interactions of the system constitutionˈsystem behaviours and 
system elements. The system variable relationship emphasizes the process of accumulation, which is 
similar to the flow of fluid , so it is called system flow diagram. The amount of input in the system is the 
energy consumption, the proportion of secondary industry, and the investment of researchers and grants. 
In the stage of simulation test, we define the settings according to Economic Development Plan of 
Zhejiang, Reflections on the New Development and Countermeasures of Zhejiang, and experts ’ advices. 
Other related parameters are set in the process of continuous simulation test of SD system. 
 
Fig.2.SD system flow diagram 
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3. SD Model Simulation Analysis of Energy Conservation of Zhejiang 
3.1 Model’s historical test  
In this paper, we use the actual values of energy efficiency to h istorically inspect the System Dynamic 
model of energy conservation in Zhejiang province. 
 
 
 
 
 
 
 
Fig.3. Comparison between the simulation value in SD system and its actual value of energy efficiency in Zhejiang 
The average error between SD system simulat ion value and actual value is 8.0127%, and its 
correlation coefficient is 0.990883212, which shows a high correlation. 
3.2 SD model simulation of energy conservation of Zhejiang in different profiles 
Different profiles settings of SD system are shown in Table 1, fo llowed by the results of SD simulation 
in Fig.4. 
Table.1. Profiles settings of SD system 
Profiles 
2009-2015 20015-2022 2022-2030 
ᇞ  
Proportion of 
clean energy 
ᇞ  
R&D 
investment 
ᇞ  
Technical 
personnel 
ᇞ  
Proportion  
of clean 
energy 
ᇞ  
R&D 
investment 
ᇞ  
Technical 
personnel 
ᇞ  
Proportion of 
clean energy 
ᇞ  
R&D 
investment 
ᇞ  
Technical 
personnel 
1 1% 10% 5% 2% 11% 6% 3% 12% 7% 
2 2% 11% 6% % 12% 7% 4% 13% 8% 
3 3% 12% 7% 4% 13% 8% 5% 14% 9% 
 
Fig.4. Simulation results of SD system in different profiles 
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From the simulation results, it is clear for us to know that under the circumstances of economic 
restructuring and technological inves tment increase, the energy efficiency of Zhejiang in 2030 could be 
relatively substantially improved, with the all increase by more than 20%. In the optimal profiles 3, 
energy efficiency rate increases even more than 50%. This deeply illustrates that the technical progress 
and the adjustment of economic structure have profound effect on energy efficiency in Zhejiang and also 
shows that Zhejiang has great potential in energy conservation. 
4. Conclusions  
In this paper, we t ry analyzing energy conservation in Zhejiang province by introducing System 
Dynamics model which has a unique advantage of analyzing the multip le and complex feedback system. 
According to feedback loop analysis, we conclude that the rapidly increasing demand for energy in 
Zhejiang lead to the rise of energy pressure index, cause the increase of energy conservation pressure, and 
promote the system to improve the energy efficiency. It is noteworthy that all feedback loops are negative 
and it proves that we have to be guided by macro-control and strengthen and lead the policy variab le in 
system to promote the steady development of energy conservation. 
By setting three profiles and taking simulation of the systems under different models, it is showed that 
the optimal adjustment of economic and energy structure and technological progress are of great 
significance on the effectiveness of energy conservation in Zhejiang. If measures are effective, structural 
adjustments are reasonable, and the cooperation among industries, universities and research institutes is 
functional, the energy efficiency in Zhejiang in 2030 could increase by more than 50% at most and more 
than 20% at least. The theoretical approach used in this paper applies not only to the research on the 
energy conservation of a certain province, but also a country, for it can offer theoretical proof to lay down 
the energy development plan and  the energy conservation strategy . 
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